(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(45) Date of publication and mention 
of the grant of the patent: 
06.09.2006 Bulletin 2006/36 

(21) Application number: 01106928.3 

(22) Date of filing: 20.03.2001 



(51) IntCL: 

F01L9/04< 200G01 > 
F02D 41/40 < 2006 01 > 
F02D 41/00 < 2006 01 > 



F02D 33/02 (2006 01 > 
F02D 41/10 (2006 01) 
F02D 41/02< 200601 > 



(H) EP 1 136 661 B1 

EUROPEAN PATENT SPECIFICATION 



(54) Method and apparatus for controlling the cylinder torque of a combustion engine having 
electromagnetically driven valves 

Verfahren und Einrichtung zur Regelung des Zylindermoments einer Brennkraftmaschine mit 
elektromagnetisch betriebenen Ventilen 

Procede et dispositif pour commander le couple par cylindre d'un moteur a combution interne avec des 



soupapes a commande electromagnetique 


(84) Designated Contracting States: 


• Katsumata, Shoji 


DEFRGB 


Toyota-shi, 




Aichi-ken, 471-8571 (JP) 


(30) Priority: 21.03.2000 JP 2000078954 


• Yoeda, Keiji 




Toyota-shi, 


(43) Date of publication of application: 


Aichi-ken, 471-8571 (JP) 


26.09.2001 Bulletin 2001/39 


• Nishida, Hideyuki 




Toyota-shi, 


(60) Divisional application: 


Aichi-ken, 471-8571 (JP) 


04017518.4/1 469 168 


• Ogiso, Makoto 




Toyota-shi, 


(73) Proprietor: Toyota Jidosha Kabushiki Kaisha 


Aichi-ken, 471-8571 (JP) 


Toyota-shi, Aichi-ken, 471-8571 (JP) 


• Matsumoto, Isao 




Toyota-shi, 


(72) Inventors: 


Aichi-ken, 471-8571 (JP) 


• Tanaka, Masaaki 




Toyota-shi, 


(74) Representative: TBK-Patent 


Aichi-ken, 471-8571 (JP) 


Bavariaring 4-6 


• Ito, Yasushi 


80336 Munchen (DE) 


Toyota-shi, 




Aichi-ken, 471-8571 (JP) 


(56) References cited: 




EP-A- 0 420 443 EP-A- 1 063 407 




US-A- 5 947 863 US-A- 6 027 425 



CO 

CD 
CD 

CD 
CO 



Q. 
LU 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve, 75001 PARIS (FR) 



EP1 136 661 B1 



Description 

BACKGROUND OF THE INVENTION 
5 1- Field of Invention 

[0001] The invention relates to controlling the torque of an internal combustion engine installed in a vehicle or the like 
and, more particularly, to controlling the torque of an internal combustion engine having electromagnetic driving valve 
mechanisms for driving opening and closing intake and exhaust valves in their opening and closing directions by an 
10 electromagnetic force. 

2. Description of Related Art 

[0002] In recent years, mainly for the purpose of preventing a mechanical loss resulting from the driving of intake and 
15 exhaust valves in their opening and closing directions, preventing a pumping loss of intake air, and enhancing the net 
thermal efficiency in an internal combustion engine installed in a vehicle or the like, the development of a valve mechanism 
capable of arbitrarily changing timings for opening and closing intake and exhaust valves has been promoted. 
[0003] Electromagnetic driving valve mechanisms are known. Some of these mechanisms have an armature made 
of a magnetic material that reciprocate in an interlocking relationship with intake and exhaust valves, a closing electro- 
20 magnet attracting the armature in its closing direction upon application of an exciting current, an opening electromagnet 
attracting the armature in its opening direction upon application of an exciting current, a closing-side return spring urging 
the armature in its closing direction, and an opening-side return spring urging the armature in its opening direction. 
[0004] According to such an electromagnetic driven valve mechanism, there is no need to drive intake and exhaust 
valves in their opening and closing directions by the turning force of an engine output shaft (crank shaft) as is the case 
25 with a conventional valve mechanism. Therefore, the loss of the engine output resulting from the driving of the intake 
and exhaust valves is prevented. 

[0005] Furthermore, according to an electromagnetic driving unit as mentioned above, there is no need to drive intake 
and exhaust valves in their opening and closing directions in an interlocking relationship with the rotation of an engine 
output shaft as is the case with a conventional valve mechanism, and the intake and exhaust valves can be opened and 
30 closed at arbitrary timings by changing the timings when an exciting current is applied to an opening electromagnet and 
a closing electromagnet. Therefore, it is possible to control the amount of intake air in each cylinder without employing 
an intake throttle valve (throttle valve). As a result, the possibility of the pumping loss of intake air resulting from the 
throttle valve is eliminated. 

[0006] On the other hand, in an electromagnetic driving valve mechanism as mentioned above, it is also important to 
35 precisely control the combustion pressure generated during combustion of a mixture in each cylinder, namely, the torque 
generated in each cylinder in accordance with the operation state of an internal combustion engine, the running condition 
of a vehicle and the like. 

[0007] In order to meet such demands, WO 99/47800 (see also EP 1 063 407 in English language) proposes a device 
for controlling intake and exhaust valves in a multi-cylinder engine. The device, electromagnetically operating intake 
40 and exhaust valves, disposed in each cylinder of an internal combustion engine, are automatically controlled to be 
opened and closed in accordance with an operation state of the engine. In addition or alternatively, individual cylinder 
throttle valves are controlled. 

[0008] Japanese Patent Application Laid-Open No. 10-37727 proposes a device for electromagnetically controlling 
intake and exhaust valves in a multi-cylinder engine. This device is designed to ensure the leveling of the torques 
45 generated in all the cylinders by correcting the timings for the opening and the closing of the intake or exhaust valves 
such that an equal amount of intake air is sucked into each cylinder. 

[0009] In a device for controlling intake and exhaust valves in a multi-cylinder engine as mentioned above, the torque 
of the internal combustion engine is controlled as a whole while ensuring the leveling of the torques in all the cylinders. 
Thus, in the case where the torque of the internal combustion engine is increased or reduced as a whole, the torques 
50 in all the cylinders are increased or reduced en bloc. Because the amount of an increase or a decrease in the torques 
tends to be great, an acceleration-deceleration shock may be caused. 

[0010] Further, torque control of the internal combustion engine is not linked with gear-change operation of a trans- 
mission in the vehicle, and an acceleration-deceleration shock may be caused by gear-change of the transmission. 

55 SUMMARY OF THE INVENTION 

[0011] It is an object of the invention to provide an apparatus and a method with the features of independent claims 
1 and 16 respectively, to realize high-precision torque control adapted for an operation state of an internal combustion 
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engine and/or a running condition of a vehicle. Other aspects of the invention and features of advantageous embodiments 
are represented in the dependent claims. 

[0012] In an internal combustion engine having electromagnetically driven valves thus constructed, if a target engine 
torque is determined with the operation state of the internal combustion engine, the running condition of a vehicle 
5 equipped with the internal combustion engine and the like being used as parameters, a target cylinder torque required 
of one cylinder is calculated based on the target engine torque, and the timings for the opening and the closing of the 
intake and/or exhaust valves are determined in accordance with the target cylinder torque. 

[001 3] An intake throttle valve is disposed in an intake passage of the internal combustion engine to adjust an amount 
of air flowing through the intake passage and a valve opening degree determiner is provided for determining an opening 
10 degree of the intake throttle valve in accordance with the target cylinder torque calculated by the target cylinder torque 
calculator. 

[0014] In this case, the intake and/or exhaust valves in each cylinder are driven in their opening and closing directions 
at the timings determined based on the target cylinder torque required of one cylinder, and each cylinder generates a 
torque corresponding to the target cylinder torque. In other words, the torque of the internal combustion engine is 

15 controlled based on the individual control of the torques in the cylinders. 

[0015] As a result, the torque of the internal combustion engine is finely controlled. For example, in the case where 
the torque of the internal combustion engine is increased or reduced, it is also possible to increase or reduce the torque 
of the internal combustion engine linearly by gradually increasing or reducing the torques in the respective cylinders 
according to the combustion sequence (ignition sequence). 

20 [001 6] It becomes possible to use the electromagnetic driving valve mechanisms in combination with the intake throttle 
valve to control the amount of intake air in the internal combustion engine, namely, the load applied to the internal 
combustion engine, and guarantee a precise amount of intake air that is required of each cylinder to achieve the target 
cylinder torque. 

[001 7] The target cylinder torque calculator may individually calculate target cylinder torques for all of the cylinders of 
25 the internal combustion engine. In this case, the valve timing determiner individually determines the timings for the 
opening and the closing of the intake and/or exhaust valves of all the cylinders in accordance with the target cylinder 
torques individually calculated by the target cylinder torque calculator. 

[0018] The target torque of the internal combustion engine is obtained by correcting a base target torque that is 
determined using the engine load, the speed of the internal combustion engine and the like as parameters, in consideration 

30 of various correction factors. 

[0019] For example, the aforementioned correction factors include an acceleration-deceleration shock absorbing 
torque for absorbing an acceleration-deceleration shock generated in conjunction with gear-change operation of an 
automatic transmission (A/T), an acceleration-deceleration shock absorbing torque for absorbing an acceleration-de- 
celeration shock that is generated when an auxiliary operated by part of the output of the internal combustion engine, 

35 such as a compressor for an air-conditioner is switched between its operative state and its inoperative state, an accel- 
eration-deceleration shock absorbing torque for absorbing an acceleration-deceleration shock generated based on the 
magnitude of moment of inertia of a continuously variable transmission (CvT), and a deceleration shock absorbing 
torque for absorbing a shock generated in conjunction with deceleration control that is performed when the running 
speed of a vehicle equipped with the internal combustion engine reaches a predetermined upper limit value. 

40 [0020] In the aforementioned aspect, a fuel injection controller for determining a fuel injection amount and/or a fuel 
injection timing for each of the cylinders in accordance with the target cylinder torque calculated by the target cylinder 
torque calculator can be provided. If the timings for the opening and the closing the intake and/or exhaust valves in each 
of the cylinders are determined in accordance with the target cylinder torque, the amounts of intake air in the respective 
cylinders may be different from one another. Therefore, in such a case, the amount of fuel injection needs to suit the 

45 amount of intake air in each of the cylinders. 

[0021] In addition to the aforementioned components, that is, the electromagnetic driving valve mechanisms, the target 
cylinder torque calculator, the valve timing determiner and the valve controller, the internal combustion engine according 
to the invention may further comprise an intake manifold negative pressure detector for detecting an intake manifold 
negative pressure generated in an intake passage of the internal combustion engine. 

50 [0022] In this case, the valve timing determiner determines timings for the opening and closing the intake and/or 
exhaust valves based on the target cylinder torque calculated by the target cylinder torque calculator and the intake 
manifold negative pressure detected by the intake manifold negative pressure detector. This is because the torque of 
the internal combustion engine is controlled while supplying a predetermined intake manifold negative pressure to a 
system operating based on the intake manifold negative pressure, such as a brake booster constituting a braking system 

55 of the vehicle, an exhaust gas recirculation system (EGR system) for returning part of the exhaust gas in the internal 
combustion engine to the intake system, and the like. 

[0023] According to a further aspect of the invention, the internal combustion engine may comprise electromagnetic 
driving valve mechanisms that drive at least one of intake and exhaust valves of the internal combustion engine in their 
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opening and closing directions by means of an electromagnetic force, a transmission capable of changing a gear change 
ratio, and a controller that controls one of the electromagnetic driving valve mechanism and the transmission in accord- 
ance with an operation state of the other of the electromagnetic driving valve mechanism and the transmission. 
[0024] According to the above-mentioned aspect, one of the electromagnetic driving valve mechanism and the trans- 
5 mission is controlled in accordance with an operation state of the other of the electromagnetic driving valve mechanism 
and the transmission. Therefore, it is possible to further improve the driveability. 

[0025] The controller may control the electromagnetic driving valve mechanism, and may control opening character- 
istics of at least one of the intake and exhaust valves in accordance with an operation state of the transmission. According 
to this aspect, opening characteristics of at least one of the intake and exhaust valves of the internal combustion engine 
10 are controlled in accordance with an operation state of the transmission. Therefore, it is possible to absorb an acceleration- 
deceleration shock resulting from gear-change operation of the transmission, and further improve the driveability. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 [0026] The invention will be described in conjunction with the following drawings in which like reference numerals 
designate like elements and wherein: 

Fig. 1 schematically shows the structure of a power train system of a vehicle equipped with an internal combustion 
engine according to one exemplary embodiment of this invention; 
20 Fig. 2 shows the structure of an internal combustion engine (E/G); 

Fig. 3 shows the structure of an intake-side electromagnetic driving mechanism, according to one exemplary em- 
bodiment of this invention; 

Fig. 4 is a flowchart showing an individual-cylinder torque control process, according to one exemplary embodiment 
of this invention; 

25 Fig. 5 is a flowchart showing a control amount calculation processing routine, according to one exemplary embodiment 

of this invention; 

Fig. 6 shows changes in the torque when all the cylinders are subjected to torque control altogether, according to 
one exemplary embodiment of this invention; 

Fig. 7 shows changes in the torque when the cylinders are subjected to torque control individually, according to one 
30 exemplary embodiment of this invention; 

Fig. 8 is a flowchart showing a valve timing determining control process according to another embodiment of this 
invention, and 

Fig. 9 is a flowchart showing an individual-cylinder torque control process according to another embodiment of this 
invention. 

35 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0027] Hereinafter, concrete embodiments of an internal combustion engine according to the invention will be described 
with reference to the drawings. 

40 [0028] Fig. 1 schematically shows the structure of a power train of a vehicle equipped with an internal combustion 
engine according to this invention. 

[0029] Referring to Fig. 1 , the power train of the vehicle has an internal combustion engine (E/G) 1 , a torque converter 
(T/C) 101, a continuously variable transmission (CVT) 102, a propeller shaft 103, and a differential gear 104. The internal 
combustion engine (E/G) 1 serves as a drive source of the vehicle. The torque converter (T/C) 101 is connected to an 

45 engine output shaft (crank shaft) of the internal combustion engine (E/G) 1 and amplifies the rotational torque of the 
crank shaft. The continuously variable transmission (CVT) 102 is connected to an output shaft of the torque converter 
(T/C) 101 and continuously and non-stepwise changes the rotational speed of the output shaft. The propeller shaft 103 
is connected to an output shaft of the continuously variable transmission (CVT) 1 02. The differential gear 1 04 is connected 
to the propeller shaft 103 and transmits the rotational torque of the propeller shaft 103 to driven wheels 106 through a 

50 drive shaft 105. 

[0030] It is possible to exemplify a belt-type continuously variable transmission (CVT) as the continuously variable 
transmission (CVT) 102. The belt-type continuously variable transmission has two variable pulleys each of which is 
composed of a movable rotating body that is movable in the direction of its rotational shaft and a stationary rotating 
body, a belt coupling the two variable pulleys, and an actuator displacing the movable rotational bodies of the variable 
55 pulleys by hydraulic pressures to change the groove widths of the variable pulleys and thus change the hanging diameter 
of the belt. A rotational shaft of one of the variable pulleys is coupled to the output shaft of the torque converter (T/C) 
101, and a rotational shaft of the other variable pulley is coupled to the propeller shaft 103. 

[0031] In the belt-type continuously variable transmission (CVT) as mentioned above, the actuator (not shown) changes 
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the groove widths of the variable pulleys (i.e. the hanging diameter of the belt) while maintaining the tension of the belt 
constant, and thereby can continuously change the gear ratio of the propeller shaft 103 to the output shaft of the torque 
converter (T/C) 101. 

[0032] It is also possible to exemplify a toroidal-type continuously variable transmission (CVT) 1 02 as the continuously 
5 variable transmission (CVT) 102. The toroidal-type continuously variable transmission has a power roller interposed 
between a pair of discs having toroidal faces and tilts the power roller to change the contacting diameter determined by 
the power roller and the discs and thus change the gear ratio between the discs. 

[0033] The continuously variable transmission (CVT) 102 has an input-side rotational speed sensor 201 outputting 
an electric signal corresponding to the rotational speed of an input shaft of the continuously variable transmission (CVT) 
W 102 and an output-side rotational speed sensor 202 outputting an electric signal corresponding to the rotational speed 
of the output shaft of the continuously variable transmission (CVT) 102. 

[0034] The internal combustion engine (E/G) 1 is a gasoline engine having a plurality of cylinders 21 , as shown in Fig. 
2. The internal combustion engine (E/G) 1 has a cylinder block 1b in which the cylinders 21 and a coolant passage 1c 
are formed and a cylinder head la that is fixed to an upper part of the cylinder block 1b. 
15 [0035] A crank shaft 23 serving as an engine output shaft is rotatably supported by the cylinder block 1b. The crank 
shaft 23 is coupled to pistons 22, which are slidably fitted into the respective cylinders 21. 

[0036] Disposed above each of the pistons 22 for each of the cylinders 21 is a combustion chamber 24 surrounded 
by a top face of the piston 22 and a wall surface of the cylinder head la. An ignition plug 25 is mounted to the cylinder 
head 1a so as to face the combustion chamber 24. An igniter 25a is connected to the ignition plug 25 to apply a driving 

20 current to the ignition plug 25. 

[0037] Two intake ports 26 and two exhaust ports 27 are formed in the cylinder head 1a such that the open ends of 
the intake ports 26 and the exhaust ports 27 face the combustion chamber 24. A fuel injection valve 32 is mounted to 
the cylinder head 1a such that an injection hole of the injection valve 32 faces the intake ports 26. 
[0038] A plurality of intake valves 28 are reciprocally disposed in the cylinder head 1a. The intake valves 28 open and 

25 close the open ends of the intake ports 26 Mounted to each of the intake valves 28 is an electromagnetic driving 
mechanism (hereinafter referred to as the intake-side electromagnetic driving mechanism 30). The intake-side electro- 
magnetic driving mechanism 30 reciprocally drives the intake valves 28 by an electromagnetic force generated upon 
application of an exciting current. 

[0039] Exhaust valves 29 are reciprocally disposed in the cylinder head 1a. The exhaust valves 29 open and close 
30 the open ends of the exhaust ports 27 Mounted to each of the exhaust valves 29 is an electromagnetic driving mechanism 
(hereinafter referred to as the exhaust-side electromagnetic driving mechanism 31). The exhaust-side electromagnetic 
driving mechanism reciprocally drives the exhaust valves 29 by an electromagnetic force generated upon application of 
an exciting current. 

[0040] Concrete structures of the intake-side electromagnetic driving mechanism 30 and the exhaust-side electro- 
35 magnetic driving mechanism 31 will now be described. Because the intake-side electromagnetic driving mechanism 30 
and the exhaust-side electromagnetic driving mechanism 31 are structurally similar, the following description will refer 
to only the intake-side electromagnetic driving mechanism 30, but is also applicable to the exhaust-side electromagnetic 
driving mechanism. 

[0041] Fig. 3 is a cross-sectional view of the structure of the intake-side electromagnetic driving mechanism 30. 
^o Referring to Fig. 3, the cylinder head 1 a of the internal combustion engine (E/G) 1 has a lower head 1 0 fixed to the upper 

face of the cylinder block 1b (not shown in Fig. 3) and an upper head 1 1 disposed on the lower head 10. 

[0042] The intake ports 26 corresponding to the respective cylinders 21 are formed in the lower head 10. Disposed 

at the open end of each of the intake ports 26 on the side of the combustion chamber 24 is a valve seat 12 on which a 

valve body 28a of the intake valve 28 seats. 
45 [0043] A through hole having a circular cross-section is formed in the lower head 10. This through hole extends from 

the inner wall surface of each of the intake ports 26 to the upper face of the lower head 10. Inserted into the through 

hole is a tubular valve guide 13. The valve guide 13 reciprocally holds a valve shaft 28b of the intake valve 28 that 

inserted into the through hole. 

[0044] The upper head 1 1 has a core mounting hole 14 which has a circular cross-section and into which a first core 
50 301 and a second core 302 are fitted. The core mounting hole 14 is concentrically located with the valve guide 13. The 
core mounting hole 14 has a lower portion that is radially enlarged. In other words, the core mounting hole 14 has an 
upper smalt-diameter portion 14a and a lower large-diameter portion 14b. 

[0045] The first core 301 and the second core 302 are annular and made of a soft magnetic material. The first core 
301 and the second core 302 are axially fitted in series with a predetermined gap 303 in the upper small-diameter portion 
55 1 4a. A flange 301 a and a flange 302a are formed at the upper end of the first core 301 and the lower end of the second 
core 302 respectively. The first core 301 and the second core 302 are fitted into the core mounting hole 14 from above 
and below the core mounting hole 14, respectively. The flange 301 a and the flange 302a abut on the edges of the core 
mounting hole 14. Thereby the first core 301 and the second core 302 are positioned, and the gap 303 is maintained at 
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a predetermined distance. 

[0046] A tubular upper cap 305 is disposed on the first core 301. Bolts 304 penetrate a flange 305a formed at the 
lower end of the upper cap 305, and the upper cap 305 is fixed to the upper face of the upper head 1 1 . In this exemplary 
embodiment, the lower end of the upper cap 305 including the flange 305a securely abuts on the upper peripheral edge 

s of the first core 301 , so that the first core 301 is fixed to the upper head 1 1 . 

[0047] A lower cap 307 is disposed on the second core 302. The lower cap 307 is constructed of an annular body 
whose outer diameter is approximately equal to the diameter of the large-diameter portion 14b of the core mounting 
hole 14. Bolts 306 penetrate the lower cap 307. The lower cap 307 is fixed to a lower face of the second core 302 in a 
stepped section between the small-diameter portion 14a and the large-diameter portion 14b by means of the bolts 306. 

10 in this exemplary embodiment, the lower cap 307 securely abuts on the lower peripheral edge of the second core 302. 
As a result, the second core 302 is fixed to the upper head 11. 

[0048] A first electromagnetic coil 308 is held in a groove formed in the first core 301 on the side of the first core 301 
that faces the gap 303. A second electromagnetic coil 309 is held in a groove formed in the second core 302 on the side 
of the second core 302 that faces the gap 303. The first electromagnetic coil 308 and the second electromagnetic coil 

15 309 are disposed so as to face each other with the gap 303 formed therebetween. 

[0049] An armature 31 1 is disposed in the gap 303. The armature 31 1 is made of an annular soft magnetic material. 
The armature 31 1 has an outer diameter that is smaller than the inner diameter of the gap 303. A cylindrical armature 
shaft 310 extends in a vertical direction along the axis of the armature 31 1 . The armature shaft 310 is secured in a hollow 
portion of the armature 31 1 . The armature shaft 310 has an upper end and a lower end. The upper end extends to the 

20 inside of the upper cap 305 through a hollow portion of the first core 301 . The lower end extends to the inside of the 
large-diameter portion 14b through a hollow portion of the second core 302. The first core 301 and the second core 302 
hold the armature shaft 310 such that the armature shaft 310 can reciprocate in the axial direction. 
[0050] An upper retainer 31 2 in the shape of a circular disc is bonded to the upper end of the armature shaft 310. An 
adjusting bolt 313 is screwed into an upper opening of the upper cap 305. An upper spring 314 is interposed between 

25 the upper retainer 312 and the adjusting bolt 313. A spring seat 315 is interposed between the adjusting bolt 313 and 
the upper spring 314 as an abutment face therebetween. The spring seat 31 5 has an outer diameter that is approximately 
equal to the inner diameter of the upper cap 305 

[0051] The upper end of the valve shaft 28b of the intake valve 28 abuts on the lower end of the armature shaft 310. 
A lower retainer 28c is bonded to the outer periphery of the upper end of the valve shaft 28b. The lower retainer 28c 
30 has the shape of a circular disc. A lower spring 316 is interposed between the lower face of the lower retainer 28c and 
the upper face of the lower head 10. 

[0052] When no exciting current is being applied to the first electromagnetic coil 308 and the second electromagnetic 
coil 309, a downwardly urging force is applied from the upper spring 314 to the armature shaft 310 (i.e. in the direction 
for opening the intake valve 28), and an upwardly urging force is applied from the lower spring 316 to the intake valve 
35 28 (i.e. in the direction for closing the intake valve 28). As a result, the armature shaft 310 and the intake valve 28 abut 
on each other and are elastically supported at a predetermined position. Namely, the armature shaft 310 and the intake 
valve 28 are held in their neutral state. 

[0053] The urging forces of the upper spring 314 and the lower spring 316 are set such that the neutral position of the 
armature 31 1 coincides with an intermediate position between the first core 301 and the second core 302 in the gap 
40 303. If the neutral position of the armature 31 1 has deviated from the intermediate position due to the initial tolerance 
among components or their time-dependant changes, it is possible to make an adjustment using the adjusting bolt 313 
such that the neutral position of the armature 31 1 coincides with the intermediate position. 

[0054] The axial lengths of the armature shaft 310 and the valve shaft 28b are set such that the valve body 28a 
assumes an intermediate position between its fully-open-side displacement end and its fully-closed-side displacement 
45 end (hereinafter referred to as the intermediate position) when the armature 31 1 is located at the intermediate position 
in the gap 303. 

[0055] In the intake-side electromagnetic driving mechanism 30, an electromagnetic force for displacing the armature 
31 1 towards the first core 301 is generated among the first core 301 , the first electromagnetic coil 308 and the armature 
31 1 upon application of an exciting current to the first electromagnetic coil 308. An electromagnetic force for displacing 

50 the armature 31 1 towards the second core 302 is generated among the second core 302, the second electromagnetic 
coil 309 and the armature 31 1 upon application of an exciting current to the second electromagnetic coil 309. 
[0056] Accordingly, in the intake-side electromagnetic driving mechanism 30, the armature 31 1 reciprocates by alter- 
nately applying an exciting current to the first electromagnetic coil 308 and the second electromagnetic coil 309, and 
hence the valve body 28a is driven in its opening and closing directions. By changing the timings of application and the 

55 magnitude of an exciting current applied to the first electromagnetic coil 308 and the second electromagnetic coil 309, 
it is possible to control the timings for opening and closing the intake valve 28. 

[0057] Referring again to Fig. 2, the intake ports 26 of the internal combustion engine (E/G) 1 are in communication 
with respective branches of an intake manifold 33 that is mounted to the cylinder head la of the internal combustion 
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engine (E/G) 1 . The intake manifold 33 is connected to a surge tank 34 for damping the pulsation of intake air. An intake 
pipe 35 is connected to the surge tank 34. The intake pipe 35 is connected to an air cleaner box 36 for removing dust 
and dirt from intake air. 

[0058] An air flow meter 44 outputting an electric signal corresponding to the amount of air flowing through the intake 
5 pipe 35 (intake air mass) is mounted to the intake pipe 35. A throttle valve 39 for adjusting the amount of the intake air 
flowing through the intake pipe 35 is disposed in a portion downstream of the air flow meter 44 in the intake pipe 35. 
The throttle valve 39 is one example of an intake throttle valve according to the invention. 

[0059] A throttle actuator 40, a throttle position sensor 41 and an accelerator position sensor 43 are mounted to the 
throttle valve 39. The throttle actuator 40 is constructed of a stepper motor or the like and drives the throttle valve 39 in 
*0 its opening and closing directions in accordance with an applied voltage. The throttle position sensor 41 outputs an 
electric signal corresponding to the degree of operating of the throttle valve 39. The accelerator position sensor 43 is 
mechanically connected to an accelerator pedal 42 and outputs an electric signal corresponding to the operation amount 
of the accelerator pedal 42. 

[0060] The exhaust ports 27 of the internal combustion engine (E/G) 1 are in communication with respective branches 
15 of an exhaust manifold 45 that is mounted to the cylinder head 1a. The exhaust manifold 45 is connected to an exhaust 
pipe 47 through an exhaust gas purification catalyst 46. The exhaust pipe 47 is connected downstream thereof to a 
muffler (not shown). 

[0061] An air-fuel ratio sensor 48 outputting an electric signal corresponding to the air-fuel ratio of the exhaust gas 
flowing through the exhaust manifold 45, namely, the air-fuel ratio of the exhaust gas flowing into the exhaust gas 

20 purification catalyst 46 is mounted to the exhaust manifold 45. 

[0062] The exhaust gas purification catalyst 46 is designed as a three-way catalyst, an occlusion-reduction-type 
catalyst, a selective-reduction-type NO x catalyst or a suitable combination thereof. The three-way catalyst purifies hy- 
drocarbon (HC), carbon monoxide (CO) and nitrogen oxides (NO x ) contained in exhaust gas when the exhaust gas 
flowing into the exhaust gas purification catalyst 46 has a predetermined air-fuel ratio close to a stoichiometric air-fuel 

25 ratio. The occlusion-reduction type catalyst occludes nitrogen oxides (NO x ) contained in exhaust gas when the exhaust 
gas flowing into the exhaust gas purification catalyst 46 has a lean air-fuel ratio, and discharges the occluded nitrogen 
oxides (NO x ) and reduces and purifies them when the exhaust gas flowing into the exhaust gas purification catalyst 46 
has a stoichiometric or rich air-fuel ratio. The selective-reduction-type NO x catalyst reduces and purifies nitrogen oxides 
(NO x ) contained in exhaust gas when the exhaust gas flowing into the exhaust gas purification catalyst 46 has an air- 

30 fuel ratio indicating a state of excessive oxygen and a predetermined reducing agent exists. 

[0063] The internal combustion engine (E/G) 1 is provided with a crank position sensor 51 and a coolant temperature 
sensor 52. The crank position sensor 51 includes of a timing rotor 51a mounted to an end of the crank shaft 23 and an 
electromagnetic pick-up sensor 51b mounted to a cylinder block 1b in the proximity of the timing rotor 51a. The coolant 
temperature sensor 52 is mounted to the cylinder block 1b to detect the temperature of the coolant flowing through a 

35 coolant passage 1c. 

[0064] Referring again to Fig. 1 , a main controller, which is composed of an electronic control unit/first controller 200 
(hereinafter referred to as the CVT-ECU) for controlling the continuously variable transmission (CVT) 102 and the torque 
converter (T/C) 101 and an electronic control unit (hereinafter referred to as the E-ECU) for controlling the internal 
combustion engine (E/G) 1 and the like, is disposed in combination with the power train constructed as described above. 

40 [0065] Various sensors such as an input-side rotational speed sensor 201 and an output-side rotational speed sensor 
202 are connected to the CVT-ECU 200 through electric wires. A gear-change actuator (not shown) built into the con- 
tinuously variable transmission (CVT) 102 and a lock-up actuator (not shown) built into the torque converter (T/C) 101 
to switch engagement and disengagement of a lock-up clutch, and the like are connected to the CVT-ECU 200 through 
electric wires. Using output signals from the sensors as parameters, the CVT-ECU 200 can perform gear-change control 

45 of the continuously variable transmission (CVT) 1 02 and switching control for switching engagement and disengagement 
of the lock-up clutch of the torque converter (T/C) 101 . 

[0066] Various sensors such as the throttle position sensor 41 , the accelerator position sensor 43, the air flow meter 
44, the air-fuel ratio sensor 48, the crank position sensor 51 and the coolant temperature sensor 52 are connected to 
the E-ECU 20 through electric wires, Fig. 2. Output signals from these sensors are inputted to the E-ECU 20. 

so [0067] Furthermore, the igniter 25a, the intake-side electromagnetic driving mechanism 30, the exhaust-side electro- 
magnetic driving mechanism 31 , the fuel injection valve 32, the throttle actuator 40 and the like are connected to the E- 
ECU 20 through electric wires. Using output signals from these sensors as parameters, the E-ECU 20 can control the 
igniter 25a, the intake-side electromagnetic driving mechanism 30, the exhaust-side electromagnetic driving mechanism 
31 , the fuel injection valve 32, the throttle actuator 40 and the like. 

55 [0068] The CVT-ECU 200 and the E-ECU 20 are connected through a communication line and exchange signals with 
each other, whereby it is possible to perform cooperative control of the internal combustion engine (E/G) 1 and the 
continuously variable transmission (CVT) 102. 

[0069] In performing cooperative control of the CVT-ECU 200 and the E-ECU 20, the E-ECU 20 calculates a driving 
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force required of the vehicle (i.e., a target vehicle driving force) using an output signal value of the accelerator position 
sensor 43 (an accelerator opening degree) and a running speed of the vehicle (a vehicle speed) converted from an 
output signal value of the output-side rotational speed sensor 202 as parameters. 

[0070] In addition to the target vehicle driving force and the vehicle speed, the E-ECU 20 calculates an output required 
5 of the internal combustion engine (E/G) 1 (a target engine output) using the operating conditions of auxiliary components 
that are operated by part of the output of the internal combustion engine (E/G) 1 , such as an air-conditioner compressor 
as parameters. 

[0071] In an attempt to accomplish the target engine output, the E-ECU 20 determines a target engine speed and a 
target engine torque so as to minimize the concentration of exhaust emission substances and the amount of fuel con- 
10 sumption. The E-ECU 20 sends the target engine speed to the CVT-ECU 200. 

[0072] Upon receiving the target engine speed from the E-ECU 20, the CVT-ECU 200 determines a gear-change 
schedule of the continuously variable transmission (CVT) 102 using the target engine speed and the vehicle speed as 
parameters. 

[0073] The E-ECU 20 adds an inertia torque of the internal combustion engine (E/G) 1 (engine inertia torque), a CVT 
15 inertia torque, acceleration-deceleration shock absorbing torques, and a deceleration shock absorbing torque to the 
target engine torque, to determine a torque schedule for a predetermined period (e.g. while the crank shaft 23 rotates 
by 720°CA). The inertia torque is determined in accordance with the engine speed of the internal combustion engine 
(E/G) 1. The CVT inertia torque is determined in accordance with the rotational speed of the input shaft of the CVT 102 
inputted into the CVT-ECU 200. One of the acceleration-deceleration shock absorbing torques is intended to absorb an 
20 acceleration-deceleration shock resulting from the operation of switching engagement and disengagement of the lock- 
up clutch of the torque converter (T/C) 1 01 or the gear-change operation of the CVT-ECU 200. The other acceleration- 
deceleration shock absorbing torque is intended to absorb an acceleration-deceleration shock resulting from a demand 
for acceleration or deceleration from a traction control unit (not shown), an ABS control unit (not shown) and the like. 
The deceleration shock absorbing torque is intended to absorb a deceleration shock resulting from a demand for decei- 
ts eration that is made when the vehicle speed reaches a predetermined upper limit value. 

[0074] The aforementioned various acceleration-deceleration shock absorbing torques are experimentally calculated 
in advance, and may be stored as a map in a read-only-memory (ROM) of the E-ECU 20 or a ROM of the CVT-ECU 200. 
[0075] If the gear-change schedule and the torque schedule are determined in this manner, the CVT-ECU 200 performs 
gear-change control of the continuously variable transmission (CVT) 102 based on the gear-change schedule, and 
30 performs individual-cylinder torque control based on the torque schedule. This torque control constitutes the essence 
of this exemplary embodiment. 

[0076] Hereinafter, individual-cylinder torque control according to this exemplary embodiment is described. 
[0077] In performing individual-cylinder torque control, the E-ECU 20 executes a torque control process as shown in 
Fig. 4. This individual-cylinder torque control process is stored in advance in the ROM of the E-ECU 20 and repeatedly 
35 executed at intervals of a predetermined period (e.g. every time the crank shaft 23 rotates by 720° CA). 
[0078] In S401 , the latest torque schedule is received by the E-ECU 20. 

[0079] In the individual-cylinder torque control process, the E-ECU 20 determines in S402 the cylinders 21 that are 
to be in operation (the operative cylinders 21) and the cylinders 21 to be out of operation (the inoperative cylinders 21) 
based on the latest torque schedule. 

40 [0080] In S403, the E-ECU 20 determines a target cylinder torque required of the operative cylinders 21 individually. 
[0081] For example, if the torque schedule is determined so as to increase the torque of the internal combustion engine 
(E/G) 1 , the E-ECU 20 determines a target cylinder torque of the operative cylinders 21 individually such that the torques 
of the respective operative cylinders 21 gradually increase in accordance with the ignition sequence. 
[0082] If the torque schedule is determined so as to reduce the torque of the internal combustion engine (E/G) 1 , the 

45 E-ECU 20 determines a target cylinder torque of the operative cylinders 21 individually such that the torques of the 
respective operative cylinders 21 gradually decrease in accordance with the ignition sequence. 
[0083] In S404, the E-ECU 20 determines control signal values for the intake-side electromagnetic driving mechanism 
30, the exhaust-side electromagnetic driving mechanism 31 , the fuel injection valve 32, the igniter 25a and the throttle 
actuator 40. 

50 [0084] In various exemplary embodiments, the E-ECU 20 determines control signal values for the intake-side elec- 
tromagnetic driving mechanism 30, the exhaust-side electromagnetic driving mechanism 31 , the fuel injection valve 32, 
the igniter 25a and the throttle actuator 40 according to a control signal value calculation processing routine as shown 
in Fig. 5. 

[0085] In the control signal value calculation processing routine, the E-ECU 20 determines in S501 whether or not the 
55 exhaust gas purification catalyst 46 has already been activated. 

[0086] The following methods can be employed to determine whether or not the exhaust gas purification catalyst 46 
has been activated. For example, it is determined that the exhaust gas purification catalyst 46 has been activated if a 
predetermined time or more has elapsed since the starting of the internal combustion engine (E/G) 1 . Alternatively, it is 
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determined that the exhaust gas purification catalyst 46 has been activated if the accumulated amount of intake air since 
the starting of the internal combustion engine (E/G) 1 has become equal to or greater than a predetermined value. 
Alternatively, a catalyst temperature sensor outputting an electric signal corresponding to the floor temperature of the 
exhaust gas purification catalyst 46 is mounted to the exhaust gas purification catalyst 46, and it is determined that the 
5 exhaust gas purification catalyst 46 has been activated if the output signal value of the catalyst temperature sensor (a 
catalyst floor temperature) has become equal to or higher than an activation temperature. 

[0087] If it is determined in S501 that the exhaust gas purification catalyst 46 has been activated, the E-ECU 20 
proceeds to S502 to determine whether or not a flag "1 " has been stored in an intake manifold negative pressure 
generating flag storage area set in a random access memory (RAM) of the E-ECU 20. 

w [0088] In the case where an intake manifold negative pressure needs to be generated in the surge tank 34, for example, 
in the case where a brake booster (not shown) needs to be supplied with a negative pressure or where fuel vapors 
generated in a fuel tank (not shown) need to be recirculated to the intake system of the internal combustion engine (E/G) 
1, the flag "1" is stored in the intake manifold negative pressure generating flag storage area. If there is no need to 
generate an intake manifold negative pressure in the surge tank 34, a flag "0" is stored in the intake manifold negative 

15 pressure generating flag storage area. 

[0089] If it is determined in S502 that the flag "1 " has not been stored in the intake manifold negative pressure generating 
flag storage area, namely, that the flag"0" has been stored in the intake manifold negative pressure generating flag 
storage area, the E-ECU 20 proceeds to S503 to determine from the engine speed, the output signal value of the 
accelerator position sensor 43 (an accelerator opening degree) and the like whether or not the internal combustion 

20 engine (E/G) 1 is in its low-load operation range. 

[0090] If it is determined in S503 that the internal combustion engine (E/G) 1 is in its low-load operation range, the E- 
ECU 20 proceeds to S504 to determine the control amounts for the intake-side electromagnetic driving mechanism 30, 
the exhaust-side electromagnetic driving mechanism 31, the throttle actuator 40, the fuel injection valve 32 and the 
igniter 25a so as to minimize the amount of fuel consumption in the internal combustion engine (E/G) 1 , while satisfying 

25 the target cylinder torque. 

[0091] That is, the E-ECU 20 determines the control amounts such that the air-fuel mixture burnt in the respective 
cylinders 21 has an air-fuel ratio indicating a state of excessive oxygen (a lean air-fuel ratio) and that exhaust gas is 
recirculated from the exhaust ports 27 to the intake ports 26 through the combustion chamber 24, namely, that the 
amount of internal EGR increases. 

30 [0092] For example, the E-ECU 20 determines the control amounts for the intake-side electromagnetic driving mech- 
anism 30, the exhaust-side electromagnetic driving mechanism 31, the throttle actuator 40, the fuel injection valve 32 
and the ignition plug 25 in such a manner: 

(1) that the throttle valve opening degree is set to a fully-open state to prevent the pumping loss of intake air; 
35 (2) that the fuel injection amount is set to an amount corresponding to the target cylinder torque; 

(3) that the ignition timing is set to a timing when the maximum torque is obtained (i.e. a timing corresponding to 
the highest efficiency of converting the combustion pressure generated by combustion of the mixture into the rotational 
torque of the crank shaft 23); 

(4) that the timing for opening the intake valves is set to a timing when the amount of internal EGR increases (e.g. 
4 o a relatively late timing suited to prevent the burnt gas remaining in the combustion chamber 24 in a preceding 

exhaust stroke from being blown out to the intake ports 26); 

(5) that the timing for closing the intake valves is set to a timing corresponding to the highest filling efficiency within 
a range of stable combustion; 

(6) that the timing for opening the exhaust valves is set to a timing when the combustion pressure generated by 
45 combustion of the mixture is effectively reflected upon the descending movement of the piston 22 (e.g. in the proximity 

of the exhaust bottom dead center); and 

(7) that the timing for closing the exhaust valves is set to a timing when the amount of internal EGR increases (e.g. 
a relatively early timing suited to ensure that part of the burnt gas remains in the combustion chamber 24). 

50 [0093] If it is determined in S503 that the internal combustion engine (E/G) 1 is not in its low-load operation range, 
namely, that the internal combustion engine (E/G) 1 is in its intermediate-to-high-load operation range, the E-ECU 20 
proceeds to S505 to determine control amounts for the intake-side electromagnetic driving mechanism 30, the exhaust- 
side electromagnetic driving mechanism 31 , the throttle actuator 40, the fuel injection valve 32 and the igniter 25a such 
that the temperature in the combustion chamber 24 of each of the cylinders 21 is reduced and that the amount of 

55 generation of nitrogen oxides (NOX) is thereby reduced. 

[0094] That is, the E-ECU 20 increases the amount of internal EGR, sets the air-fuel ratio of the mixture to an air-fuel 
ratio indicating a state of excessive fuel (a rich air-fuel ratio), and determines the control amounts so as to reduce the 
compression ratio of each of the cylinders 21 . 
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[0095] For example, the E-ECU 20 determines the control amounts for the intake-side electromagnetic driving mech- 
anism 30, the throttle actuator 40, the fuel injection valve 32, the exhaust-side electromagnetic driving mechanism 31, 
the throttle valve and the ignition plug 25 in such a manner: 

5 (1) that the opening degree of the throttle valve 39 is set to the minimum opening degree that can guarantee the 

minimum required amount of intake air; 

(2) that the fuel injection amount is set to an amount corresponding to the target cylinder torque; 

(3) that the ignition timing is set to a retarded timing so as to reduce the combustion pressure; 

(4) that the timing for opening the intake valves 28 is set to a timing when the amount of internal EGR increases 
io (e.g. a relatively late timing suited to prevent the burnt gas remaining in the combustion chamber 24 in a preceding 

exhaust stroke from being blown out to the intake ports 26); 

(5) that the timing for closing the intake valves 28 is set to a timing when the compression ratio decreases (e.g. a 
late timing after the intake bottom dead center); 

(6) that the timing for opening the exhaust valves 29 is set to a relatively early timing so as to discharge high- 
15 temperature burnt gas at an early stage; and 

(7) that the timing for closing the exhaust valves 29 is set to a timing when the amount of internal EGR increases 
(e.g. a relatively early timing suited to ensure that part of the burnt gas remains in the combustion chamber 24). 

[0096] If the vehicle speed has reached a predetermined upper limit value when the internal combustion engine (E/G) 
20 1 is in its intermediate-to-high-load operation range, the E-ECU 20 may decreasingly correct the target cylinder torque 
such that the vehicle speed becomes equal to or lower than the upper limit value, and determine the control signal values 
for the intake-side electromagnetic driving mechanism 30, the exhaust-side electromagnetic driving mechanism 31, the 
throttle actuator 40, the fuel injection valve 32 and the igniter 25a in accordance with the corrected target cylinder torque. 
[0097] If it is determined in S502 that the flag "1" is stored in the intake manifold negative pressure generating flag 
25 storage area, the E-ECU 20 proceeds to S506 to control the throttle actuator 40 such that a desired intake manifold 
negative pressure is generated in an intake passage downstream of the throttle valve 39 (the surge tank 34) and to 
determine the control amounts for the intake-side electromagnetic driving mechanism 30, the exhaust-side electromag- 
netic driving mechanism 31, the fuel injection valve 32 and the igniter 25a. 

[0098] For example, the E-ECU 20 determines control amounts for the intake-side electromagnetic driving mechanism 
30 30, the exhaust-side electromagnetic driving mechanism 31 , the throttle actuator 40, the fuel injection valve 32 and the 
ignition plug 25 in such a manner: 

(1) that the opening degree of the throttle valve 39 is set to an opening degree suited to obtain a required intake 
manifold negative pressure; 
35 (2) that the fuel injection amount is set to an amount corresponding to the target cylinder torque; 

(3) that the ignition timing is set to a timing suited to obtain the maximum torque; 

(4) that the timing for opening the intake valves 28 is set to a timing when an intake manifold negative pressure 
tends to be generated (e.g. the intake top dead center); 

(5) that the timing for closing the intake valves 28 is set to a timing when an intake manifold negative pressure tends 
40 to be generated (e.g. the intake bottom dead center); 

(6) that the timing for opening the exhaust valves 29 is set to a timing corresponding to a high discharging efficiency 
and/or a high engine output (e.g. the exhaust bottom dead center); and 

(7) that the timing for closing the exhaust valves 29 is set to a timing corresponding to a high discharging efficiency 
and/or a high engine output (e.g. the exhaust top dead center). 

45 

[0099] In a so-called non-throttle operation control, wherein the timings for opening and closing the intake valves 28 
and exhaust valves 29 are changed with the throttle valve 39, which is fixed to its fully-open position, so as to control 
the amount of intake air in the internal combustion engine (E/G) 1 , the pressure in the surge tank 34 (the intake manifold 
pressure) is always approximately equal to the atmospheric pressure. Thus, if the timings for opening and closing the 

50 intake and exhaust valves 28 and 29 are controlled on the premise that the intake manifold pressure is approximately 
equal to the atmospheric pressure, the amount of intake air in the internal combustion engine (E/G) 1 can be made equal 
to a desired amount. However, in a case where it has become necessary to control the amount of intake air in the internal 
combustion engine (E/G) 1 by controlling the opening degree of the throttle valve 39 and the timings for opening and 
closing the intake and exhaust valves 28, 29, for example, in the case where it has become necessary to generate an 

55 intake manifold negative pressure, the timings for opening and closing the intake and exhaust valves 28 and 29 need 
to be controlled in accordance with the actual intake manifold pressure. 

[0100] Hence, a pressure sensor is attached to the surge tank 34, and the E-ECU 20 can control the timings for 
opening and closing the intake and exhaust valves 28 and 29 based on the output signal value of the pressure sensor 
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(the actual intake manifold pressure), in the case where it has become necessary to control the amount of intake air in 
the internal combustion engine (E/G) 1, by controlling the opening degree of the throttle valve 39 and the timings for 
opening and closing the intake and exhaust valves 28 and 29. 

[0101] If it is determined in S501 that the exhaust gas purification catalyst 46 has not been activated, the E-ECU 20 
5 proceeds to S507 to determine the control amounts for the intake-side electromagnetic driving mechanism 30, the 
exhaust-side electromagnetic driving mechanism 31, the throttle actuator 40, the fuel injection valve 32 and the igniter 
25a so as to reduce the amount of unburnt fuel constituents (HC) contained in exhaust gas. 

[0102] That is, the E-ECU 20 determines the control amounts such that the mixture demonstrates a lean air-fuel ratio, 
that a decrease in the intake manifold negative pressure promotes the atomization of fuel, and that the atmospheric 
10 temperatures in the intake manifold 33 and the intake ports 26 rise due to the back flow of exhaust gas. 

[0103] For example, the E-ECU 20 determines the control amounts for the intake-side electromagnetic driving mech- 
anism 30, the exhaust-side electromagnetic driving mechanism 31 , the throttle actuator 40, the fuel injection valve 32 
and the ignition plug 25 in such a manner: 

15 (1) that the opening degree of the throttle valve 39 is set to the minimum opening degree that can guarantee the 

minimum required amount of intake air; 

(2) that the fuel injection amount is set to an amount corresponding to the target cylinder torque; 

(3) that the ignition timing is set to a timing suited to obtain the maximum torque; 

(4) that the timing for opening the intake valves 28 is set to a timing corresponding to the highest flow rate of the 
20 intake air flowing from the intake ports 26 to the combustion chamber 24 (e.g. a latest timing that does not allow the 

pumping loss to exceed a permissible amount); 

(5) that the timing for closing the intake valves 28 is set to a timing corresponding to the highest compression ratio 
(e.g. the intake bottom dead center); 

(6) that the timing for opening the exhaust valves 29 is set to a relatively late timing so as to prolong the period for 
25 combustion of the mixture; and 

(7) that the timing for closing the exhaust valves 29 is set to a relatively late timing so as to ensure that part of the 
exhaust gas back-flows to the intake ports 26 and the intake manifold 33. 

[0104] In the aforementioned control amount calculation processing routine, a HC-reducing process is performed to 
30 reduce the amount of unburnt fuel constituents contained in the exhaust gas if the exhaust gas purification catalyst 46 
has not been activated. However, a catalytic warm-up process may be performed to activate the exhaust gas purification 
catalyst 46 at an early stage. 

[0105] In the case of the catalytic warm-up process, the E-ECU 20 determines the control amounts for the intake-side 
electromagnetic driving mechanism 30, the exhaust-side electromagnetic driving mechanism 31, the throttle actuator 
35 40, the fuel injection valve 32 and the ignition plug 25, for example, such that the exhaust gas discharged from each of 
the cylinders 21 reaches a high temperature. 

[0106] For example, the E-ECU 20 can determine the control amounts for the intake-side electromagnetic driving 
mechanism 30, the exhaust-side electromagnetic driving mechanism 31, the throttle actuator 40, the fuel injection valve 
32 and the ignition plug 25 in such a manner: 

40 

(1) that the opening degree of the throttle valve 39 is set to an opening degree that can guarantee the maximum 
amount of intake air within a range of stable combustion of the mixture; 

(2) that the fuel injection amount is set to an amount corresponding to the target cylinder torque; 

(3) that the ignition timing is set to the most retarded timing within a range of stable combustion of the mixture; 
45 (4) that the timing for opening the intake valves 28 is set to a timing corresponding to a small amount of EGR; 

(5) that the timing for closing the intake valves 28 is set to a timing close to the intake bottom dead center; 

(6) that the timing for opening the exhaust valves 29 is set to a relatively early timing so as to discharge high- 
temperature burnt gas; and 

(7) that the timing for closing the exhaust valves 29 is set to a timing corresponding to the minimum amount of the 
50 burnt gas remaining in the combustion chamber 24. 

[0107] The E-ECU 20 performs the control amount calculation processing routine as shown in Fig. 5, whereby a valve 
timing determiner, a fuel injection timing determiner and a intake throttle valve opening degree determiner according to 
the invention are realized. 

55 [0108] Referring again to Fig. 4, after the step of calculating the control signal values in S404, the E-ECU 20 proceeds 
to S405 to control the intake-side electromagnetic driving mechanism 30, the exhaust-side electromagnetic driving 
mechanism 31, the fuel injection valve 32 and the igniter 25a for each of the operative cylinders 21 and the throttle 
actuator 40 in accordance with the control signal values determined in S404. In addition, the E-ECU 20 controls the 
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intake-side electromagnetic driving mechanism 30, the exhaust-side electromagnetic driving mechanism 31, the fuel 
injection valve 32 and the igniter 25a for each of the inoperative cylinders 21 such that the intake and exhaust valves 
28, 29 are fully closed and that the fuel injection valve 32 and the ignition plug 25 become inoperative. 
[0109] The E-ECU 20 thus performs the individual-cylinder torque control process as shown in Fig. 4, whereby the 
5 target cylinder torque calculator and the valve controller according to the invention are realized. 

[01 1 0] In the aforementioned exemplary embodiment, since the timings for opening and closing the intake and exhaust 
valves 28 and 29 can be separately controlled for each of the cylinders, it is possible to control the torque of the internal 
combustion engine (E/G) 1 individually for each of the cylinders. 

[01 1 1] According to such control, if the torques in all the cylinders 21 are increased simultaneously, for example in an 
10 attempt to increase the torque of the internal combustion engine (E/G) 1 , the torque of the internal combustion engine 
(E/G) 1 increases gradually as shown in Fig. 6. However, if the torque is increased individually for each of the cylinders 
21, it is possible to increase the torque of the internal combustion engine (E/G) 1 relatively linearly as shown in Fig. 7 
and improve the driveability. 

[0112] Moreover, in this embodiment, the target cylinder torque is calculated in consideration of the inertia torque of 
15 the internal combustion engine (E/G) 1, the inertia torque of the continuously variable transmission (CVT) 102, and the 
acceleration-deceleration shock absorbing torques. Therefore it becomes possible to curb the generation of an accel- 
eration-deceleration shock resulting from the gear-change operation or the inertia torque of the continuously variable 
transmission (CVT) 102 and further improve the driveability. 

[0113] In this exemplary embodiment, the fuel injection amount, the throttle valve opening degree and the ignition 
20 timing as well as the timings for opening and closing the intake and exhaust valves 28 and 29 are controlled in realizing 
the target cylinder torque. This makes it possible to further enhance the precision in performing torque control of the 
internal combustion engine (E/G) 1 . 

[0114] Although the aforementioned exemplary embodiment handles an example in which the target cylinder torque 
is set individually for each of the cylinders 21, this exemplary embodiment handles an example in which the target 

25 cylinder torque for one cylinder is set at an arbitrary timing. 

[01 15] In the case where the target cylinder torques are set individually for all the cylinders 21 , the setting of the target 
cylinder torque needs to be carried out a plurality of times equaling the number of the cylinders during one cycle, (while 
the crank shaft 23 rotates by 720°CA). This requires a high computing load of the E-ECU 20. Especially during high- 
speed operation wherein the crank shaft 23 rotates at a high speed, the computing load of the E-ECU 20 per unit time 

30 is increased significantly. 

[01 1 6] In view of the circumstance, according to this exemplary embodiment, the target cylinder torque for one cylinder 
is set at an arbitrary timing, and the target cylinder torque thus set is allocated to an appropriate one of the cylinders 21 
(e.g. the one that first goes through an intake stroke). 

[0117] More specifically, the E-ECU 20 executes a valve timing determining control process as shown in Fig. 8. This 
35 valve timing determining control process is repeatedly executed at intervals of a predetermined period. 

[01 1 8] For example, the predetermined period may be set to a constant period that is determined out of synchronization 
with the operation cycle of the internal combustion engine (E/G) 1 and that is shorter than a period required for the crank 
shaft 23 to rotate by 720°CA when the internal combustion engine (E/G) 1 operates at a high speed. 
[0119] In the valve timing determining process, the E-ECU 20 retrieves in step S801 the engine speed of the internal 
^0 combustion engine (E/G) 1 and the latest engine torque calculated through cooperation control with the CVT-ECU 200 
referenced in the aforementioned exemplary embodiment. 

[0120] In S802, the E-ECU 20 determines the operative and the inoperative cylinders of the cylinders 21 according 
to the target engine torque retrieved in S801. 

[0121] In S803, the E-ECU 20 calculates the target cylinder torque required for each of the operative cylinders 21. 

45 [0122] In S804, the E-ECU 20 determines, for one of the cylinders, the control signal values for the intake-side elec- 
tromagnetic driving mechanism 30, the exhaust-side electromagnetic driving mechanism 31 , the fuel injection valve 32, 
the igniter 25a and the throttle actuator 40 according to the target cylinder torque calculated in S803. 
[0123] The method of calculating control signal values for the intake-side electromagnetic driving mechanism 30, the 
exhaust-side electromagnetic driving mechanism 31 , the fuel injection valve 32, the igniter 25a and the throttle actuator 

50 40 is identical to that of the aforementioned exemplary embodiment and therefore will not be described below. 

[0124] In S805, the E-ECU 20 stores the control signal values calculated in S804 in the RAM built into the E-ECU 20, 
and then terminates the process. 

[0125] If the E-ECU 20 executes the valve timing determining control process, the control signal values stored in the 
RAM are updated at intervals of a predetermined period. 
55 [0126] The E-ECU 20 executes the individual-cylinder torque control process as shown in Fig. 9, separately from the 
aforementioned valve timing determining control process. This individual-cylinder torque control process is executed at 
intervals of a predetermined period that is in synchronization with the operation cycle of the internal combustion engine 
(E/G) 1 (e.g. every time the crank position sensor 51 outputs a predetermined number of pulse signals). 
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[0127] In the individual-cylinder torque control process, the E-ECU 20 detects, in S901 , the actual rotational position 
of the crank shaft 23 (actual crank angle) based on the output signal from the crank position sensor 51. 
[0128] In S902, the E-ECU 20 compares the actual crank angle detected in S901 with valve timing determining phases 
for all the cylinders 21 (represented by crank angles), and determines whether or not there is a cylinder 21 that has a 
s valve timing determining phase that coincides with the actual crank angle. 

[0129] The valve-timing determining timing is determined in advance for each of the cylinders 21 . For example, it is 
set to a timing preceding the timing when each of the cylinders 21 goes through an intake stroke (an exhaust stroke or 
an expansion stroke). 

[0130] If it is determined in S902 that there is no cylinder 21 that has a valve timing determining phase that coincides 
10 with the actual crank angle, the E-ECU 20 temporarily terminates the execution of the process. 

[0131] On the other hand, if it is determined in S902 that there is a cylinder 21 having a valve timing determining phase 
that coincides with the actual crank angle, the E-ECU 20 proceeds to S903. 

[0132] In S903, the E-ECU 20 determines whether the cylinder 21 having a valve timing determining phase has been 
determined in S902 to coincide with the actual crank angle is the operative cylinder 21 or the inoperative cylinder 21. 
15 [0133] If it is determined in S903 that the cylinder 21 whose valve timing determining phase coincides with the actual 
crank angle is the inoperative cylinder 21, the E-ECU 20 proceeds to S906 to perform a stop control for stopping the 
operation of the inoperative cylinder 21 . 

[0134] In performing the stop control, in the case where the inoperative cylinder 21 is not to be operated by a pump, 
the E-ECU 20 controls the intake-side electromagnetic driving mechanism 30 and the exhaust-side electromagnetic 

20 driving mechanism 31, for example, so as to keep at least either the intake valves 28 or the exhaust valves 29 fully 
closed, and controls the fuel injection valve 32 and the igniter 25a so as to prohibit fuel injection and ignition. 
[01 35] In the case where the inoperative cylinder 21 is to be operated by the pump, the E-ECU 20 controls the intake- 
side electromagnetic driving mechanism 30 and the exhaust-side electromagnetic driving mechanism 31 , for example, 
such that the intake valves 28 are opened in an intake stroke of the inoperative cylinder 21 and that the exhaust valves 

25 29 are opened in an exhaust stroke of the inoperative cylinder 21 , and controls the fuel injection valve 32 and the igniter 
25a so as to prohibit fuel injection and ignition. 

[0136] As soon as step S906 is completed, the E-ECU 20 temporarily terminates the execution of the process. 
[0137] On the other hand, if it is determined in S903 that the cylinder 21 having a valve timing determining phase 
coincides with the actual crank angle is the operative cylinder 21 , the E-ECU 20 proceeds to S904 to retrieve from the 
30 RAM the latest control signal values determined by the aforementioned valve timing determining control process. The 
process proceeds to S905. 

[0138] In S905, the E-ECU 20 controls the intake-side electromagnetic driving mechanism 30, the exhaust-side elec- 
tromagnetic driving mechanism 31, the fuel injection valve 32 and the ignition plug 25 of the operative cylinder 21 
according to the control signal values retrieved in S904, and controls the throttle actuator 40 according to the control 

35 signal value retrieved in S904. 

[0139] As soon as step in S905 is completed, the E-ECU 20 temporarily terminates the execution of the process. 
[0140] If the E-ECU 20 executes the individual-cylinder torque control process, the target cylinder torque for one 
cylinder, which has been set out of synchronization with the operation cycle of the internal combustion engine (E/G) 1, 
is allocated to a relevant one of the cylinders 21. 

40 [0141] Thus, according to this exemplary embodiment, the E-ECU 20 has only to set the target cylinder torque for one 
cylinder at intervals of a period that is out of synchronization with the operation cycle of the internal combustion engine 
(E/G) 1. Thereby it becomes possible to reduce the computing load of the E-ECU 20. 

[01 42] By optimizing the intervals at which valve timing determining control is performed, it is also possible, for example, 

to perform valve timing determining control a plurality of times equaling in number to the number of the cylinders during 
45 one cycle in a low-speed operation range where a great length of time is required for one cycle, and once or twice during 

one cycle in a high-speed operation range where a short length of time is required for one cycle. 

[0143] In this case, the torque of the internal combustion engine (E/G) 1 is controlled individually for each of the 

cylinders in the low-speed operation range, whereas the torque of the internal combustion engine (E/G) 1 is controlled 

altogether for a plurality of cylinders in the high-speed operation range. 
50 [0144] The cylinders are ignited at shorter intervals in the high-speed operation range than in the low-speed operation 

range. Therefore, even if the torque of the internal combustion engine (E/G) 1 is controlled altogether for a plurality of 

cylinders, the driveability of the vehicle does not deteriorate. 

[0145] In the illustrated embodiments, the main controller, the first controller 200 and the second controller 20 are 
implemented as a programmed general purpose computer. It will be appreciated by those skilled in the art that the 
55 controller can be implemented using single special purpose integrated circuits (e.g., ASIC) having a main or central 
processor, section for overall, system-level control, and separate sections dedicated to performing various different 
specific computations, functions and other processes under control of the central processor section. The respective 
controllers can each be a plurality of separate dedicated or programmable integrated or other electronic circuits or 
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devices (e.g., hardwired electronic or logic circuits such as discrete element circuits, or programmable logic devices 
such as PLDs, PLAs, PALs or the like). The respective controllers can be implemented using a suitably programmed 
general purpose computer, e.g., a microprocessor, microcontroller or other processor device (CPU or MPU), either alone 
or in conjunction with one or more peripheral (e.g., integrated circuit) data and signal processing devices. In general, 
any device or assembly of devices on which a finite state machine capable of implementing the procedures described 
herein can be used as the controllers. A distributed processing architecture can be used for maximum data/signal 
processing capability and speed. 

[0146] While the invention has been described with reference to preferred embodiments thereof, it is to be understood 
that the invention is not limited to the preferred embodiments or constructions. To the contrary, the invention is intended 
to cover various modifications and equivalent arrangements. 



Claims 

1 . An internal combustion engine including electromagnetic driving valve mechanisms (30, 31 ) that drive a plurality of 
intake and exhaust valves (28, 29) of the internal combustion engine in an opening direction and a closing direction, 
comprising: 

a target cylinder torque calculator that calculates a target cylinder torque individually for at least one of a plurality 
of cylinders (21) in accordance with a target engine torque required of the internal combustion engine; 
a valve timing determiner that determines a timing for opening and closing of the plurality of intake and exhaust 
valves (28, 29) in accordance with the target cylinder torque; and 

a valve controller that controls the electromagnetic driving valve mechanisms (30, 31) in accordance with the 
timing for opening and closing at least one of the intake and exhaust valves (28, 29), 
an intake throttle valve (39), 
characterized in that 

said intake throttle valve (39) is used commonly for the plurality of cylinders (21 ) and is disposed in an intake 
passage of the internal combustion engine to variably adjust an amount of air flowing through the intake passage; 
and a valve opening degree determiner that determines an opening degree for the intake throttle valve (39) in 
accordance with the target cylinder torque calculated by the target cylinder torque calculator. 

2. The internal combustion engine according to claim 1 , characterized in that the target cylinder torque calculator 
individually calculates a target cylinder torque for each of the plurality of cylinders (21 ); 

that the valve timing determiner determines a timing for opening and closing each of the plurality of intake and 
exhaust valves (28, 29) for each of the plurality of cylinders (21 ) in accordance with the target cylinder torque for 
each of the plurality of cylinders (21 ); and that the valve controller controls the electromagnetic driving valve mech- 
anisms (30, 31) in accordance with the timing for opening and closing each of the intake and exhaust valves (28, 
29) for each of the plurality of cylinders (21 ). 

3. The internal combustion engine according to claim 1 , characterized in that the target engine torque is a value that 
reflects acceleration-deceleration shock absorbing torque. 

4. The internal combustion engine according to claim 1 , characterized by further comprising: 

a continuously variable transmission (102) having an inertia torque and capable of changing a gear-change 
ratio automatically, continuously and non-stepwise; 

wherein the target engine torque is a value that reflects the inertia torque of the continuously variable transmission 
(102). 

5. The internal combustion engine according to claim 1 , characterized in that the target engine torque is a value that 
reflects a running speed of a vehicle equipped with the internal combustion engine. 

6. The internal combustion engine according to claim 1 , characterized by further comprising a fuel injection controller 
that determines at least one of a fuel injection amount and a fuel injection timing for each of the plurality of cylinders 
(21) in accordance with the target cylinder torque calculated by the target cylinder torque calculator. 

7. The internal combustion engine according to claim 1, characterized by further comprising: 
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an intake manifold negative pressure detector that detects an intake manifold negative pressure generated in 
an intake passage of the internal combustion engine; 

wherein the valve timing determiner determines a timing for opening and closing each of the plurality of the 
intake and exhaust valves (28, 29) based on the target cylinder torque calculated by the target cylinder torque 
5 calculator and the intake manifold negative pressure. 

8. An internal combustion engine according to claim 1 , characterized in that the target cylinder torque being used 
for less than all of the plurality of cylinders (21 ). 

10 9. An internal combustion engine according to claim 1, characterized in that said electromagnetic driving valve 
mechanisms (30, 31 ) drive at least one of said intake and exhaust valves (28, 29) of the internal combustion engine 
in their opening and closing directions by means of an electromagnetic force and a transmission (102) capable of 
changing a gear change ratio, further comprising: 

15 a controller that controls one of the electromagnetic driving valve mechanism (30, 31) and the transmission 

(102) in accordance with an operation state of the other of the electromagnetic driving valve mechanisms (30, 
31 ) and the transmission (102). 

10. An internal combustion engine according to claim 1, characterized by said electromagnetic driving valve mecha- 
20 nisms (30, 31 ) that drive at least one of intake and exhaust valves (28, 29) of the internal combustion engine in their 

opening and closing directions by means of an electromagnetic force and a transmission (102) capable of changing 
a gear change ratio, wherein said valve controller controls opening characteristics of at least one of the intake and 
exhaust valves (28, 29) in association with operation states of the electromagnetic driving valve mechanisms (30, 
31) and the transmission (102). 

25 

11. The internal combustion engine according to claim 10, characterized in that the transmission is an automatic 
transmission that has an inertia torque and that is capable of changing a gear change ratio automatically. 

12. The internal combustion engine according to claim 10, characterized in that the transmission is a continuously 
30 variable transmission (1 02) that has an inertia torque and that is capable of changing a gear change ratio continuously 

and non-stepwise. 

13. The internal combustion engine according to any one of claims 10 to 12, characterized by further comprising: 

35 an acceleration-deceleration shock absorbing torque calculator that calculates an acceleration-deceleration 

shock absorbing torque for absorbing an acceleration-deceleration shock caused by operation of the transmis- 
sion (102), and further comprising 

the valve controller that controls the opening characteristics so as to obtain the acceleration-deceleration shock 
absorbing torque. 

40 

14. The internal combustion engine according to claim 13, characterized in that the valve controller adds the target 
cylinder torque calculated by the target cylinder torque calculator to the acceleration-deceleration shock absorbing 
torque, determines a torque schedule of the internal combustion engine, and controls opening characteristics of at 
least one of the intake and exhaust valves (28, 29) based on the torque schedule. 

45 

15. The internal combustion engine according to any one of claims 10 to 14, characterized in that the opening char- 
acteristics are opening and closing timings of at least one of the intake and exhaust valves (28, 29). 

16. A method for controlling at least one of a plurality of intake and exhaust valves (28, 29) of a plurality of cylinders 
50 (21 ) in an internal combustion engine, the method comprising: 

individually calculating a target cylinder torque required for at least one of the plurality of cylinders (21) in 
accordance with a target engine torque required of the internal combustion engine; 

determining a timing for opening and closing the at least one of the plurality of intake and exhaust valves (28, 
55 29) in accordance with the target cylinder torque; and 

electromagnetically controlling the plurality of intake and exhaust valves (28, 29) in accordance with the timing 
for opening and closing the at least one of the plurality of intake and exhaust valves (28, 29), an intake throttle 
valve (39), 
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characterized in that 

said intake throttle valve (39) is used commonly for the plurality of cylinders (21 ) and is disposed in an intake 
passage of the internal combustion engine and variably adjusts an amount of air flowing through the intake 
passage; and a valve opening degree determiner determines an opening degree for the intake throttle valve 
5 (39) in accordance with the target cylinder torque calculated by the target cylinder torque calculator. 

17. A method according to claim 16, characterized in that the target cylinder torque being used for less than all of the 
plurality of cylinders (21 ). 

10 18. A method according to claim 16, characterized by controlling one of an electromagnetic driving valve mechanism 
(30, 31 ) and a transmission (102) in accordance with an operation state of the other of the electromagnetic driving 
valve mechanisms (30, 31) and the transmission (102). 

19. A method according to claim 16, characterized by controlling opening characteristics of at least one of the intake 
is and exhaust valves (28, 29) in accordance with an operation state of a transmission (102). 



Patentanspriiche 

20 1. Brennkraftmaschine mit Innenverbrennung, welche mit elektromagnetischen Ventilbetatigungsmechanismen (30, 
31 ) zum Offnen und Schlieften der zahlreichen Einlaftventile und Auslaftventile (28, 29) ausgerustet ist und aufweist: 

eine Zylinderzieldrehmomentberechnungseinheit zum Berechnen des von wenigstens einem der zahlreichen 
Zylinder 21 zu erzeugenden Zieldrehmomentes in Obereinstimmung mit dem von der Brennkraftmaschine mit 

25 Innenverbrennung geforderten Zieldrehmoment, 

eine Ventiltaktbestimmungseinheit zum Bestimmen des Zeitpunktes fur das Offnen und Schlieften der zahlrei- 
chen Einlaftventile und Auslaftventile (28, 29) in Obereinstimmung mit Zylinderzieldrehmoment sowie 
eine Ventilsteuereinheit zum Steuern der elektromagnetischen Ventilbetatigungsmechanismen (30, 31 ) in Ober- 
einstimmung mit dem Zeitpunkt fur das Offnen und SchliefJen der Einlafiventile (28) oder/und der Auslaftventile 

30 (29), 

ein Ansaugdrosselventil (39), 
dadurch gekennzeichnet, dad 

das Ansaugdrosselventil (39) fur alle der zahlreichen Zylinder (21 ) verwendet wird, im Ansaugkanal der Brenn- 
kraftmaschine mit Innenverbrennung angeordnet ist und die durch den Ansaugkanal stromende Luftmenge 
35 andert, 

und eine Ventiloffnungsgradbestimmungseinheit zum Bestimmen des Offnungsgrades des Ansaugdrosselven- 
tils (39) in Obereinstimmung mit dem von der Zylinderzieldrehmomentberechnungseinheit berechneten Zylin- 
derzieldrehmoment vorgesehen ist. 

40 2. Brennkraftmaschine mit Innenverbrennung gemaft Anspruch 1 , dadurch gekennzeichnet, daft 

die Zylinderzieldrehmomentberechnungseinheit das Zylinderzieldrehmoment fiirjeden der zahlreichen Zylinder (21 ) 
individuell berechnet, 

die Ventiltaktbestimmungseinheit den Zeitpunkt fur das Offnen und Schlieften des Einlaftventils und des 
Auslaftventils (28, 29) jedes der zahlreichen Zylinder (21) in Obereinstimmung mit dem Zylinderzieldrehmoment 
45 jedes Zylinders (21 ) bestimmt und 

die Ventilsteuereinheit die elektromagnetischen Ventilbetatigungsmechanismen (30, 31) in Obereinstimmung mit 
dem Zeitpunkt fur das Offnen und Schliefcen des Einlaftventils und des Auslaftventils (28, 29) jedes Zylinders (21 ) 
steuert. 

50 3. Brennkraftmaschine mit Innenverbrennung gemafi Anspruch 1, dadurch gekennzeichnet, daft 

das Maschinenzieldrehmoment eine das Beschleunigungs-/Bremsstofi-Absorptionsdrehmoment widerspiegelnde 
Grbfie ist. 

4. Brennkraftmaschine mit Innenverbrennung gemaft Anspruch 1, dadurch gekennzeichnet, daft 
55 diese aufterdem ein stufenlos verstellbares Getriebe (1 02) aufweist, welches ein Tragheitsmoment hat und dessen 

Obersetzungsverhaltnis automatisch und stufenlos, aber nicht schrittweise veranderbar ist, wobei 
das Maschinenzieldrehmoment eine das Tragheitsmoment des stufenlosen Getriebes (1 02) widerspiegelnde Grofte 
ist. 
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5. Brennkraftmaschine mit Innenverbrennung gemaft Anspruch 1 , dadurch gekennzeichnet, daft 

das Maschinenzieldrehmoment eine die Fahrgeschwindigkeit des von der Brennkraftmaschine mit Innenverbren- 
nung angetriebenen Fahrzeugs widerspiegelnde GrofJe ist. 

6. Brennkraftmaschine mit Innenverbrennung gemaft Anspruch 1, dadurch gekennzeichnet, daft 

diese aufterdem eine Brennstoffeinspritzsteuereinheit aufweist, welchedie Brennstoffeinspritzmenge oder/und den 
Brennstoffeinspritzzeitpunkt fur jeden der zahlreichen Zylinder (21) in Ubereinstimmung mit dem von der 
Zylinderzieldrehmomentberechnungseinheit berechneten Zylinderzieldrehmoment bestimmt. 

7. Brennkraftmaschine mit Innenverbrennung gemafi Anspruch 1 , dadurch gekennzeichnet, daft 

diese aufierdem eine Einheit zum Erfassen des im Ansaugkanal der Brennkraftmaschine erzeugten und in deren 
Ansaugverteiler wirkenden Unterdrucks aufweist, wobei 

die Ventiltaktbestimmungseinheit den Zeitpunkt fur das Offnen und Schliefien jedes der zahlreichen Einlafiventile 
und Auslafiventile (28, 29) auf der Grundlage des von der Zylinderzieldrehmomentberechnungseinheit berechneten 
Zylinderzieldrehmoments und des im Ansaugverteiler herrschenden Unterdrucks bestimmt. 

8. Brennkraftmaschine mit Innenverbrennung gemafi Anspruch 1, dadurch gekennzeichnet, daft 
das Zylinderzieldrehmoment fur weniger als alle der zahlreichen Zylinder (21) genutzt wird. 

9. Brennkraftmaschine mit Innenverbrennung gemafi Anspruch 1, dadurch gekennzeichnet, daft 

die elektromagnetischen Ventilbetatigungsmechanismen (30, 31) die Einlafiventile (28) und die Auslafiventile (29) 
der Brennkraftmaschine mit Innenverbrennung durch eine elektromagnetische Kraft offnen und schlielien und ein 
Getriebe mit veranderbarem Ubersetzungsverhaltnis (102) schalten, 

wobei die Brennkraftmaschine aufierdem eine Steuereinheit aufweist, welche die elektromagnetischen Ventilbeta- 
tigungsmechanismen (30, 31) oder/und das Getriebe (102) in Ubereinstimmung mit den Betriebsbedingungen des 
Getriebes (102) bzw. der Antriebsmechanismen (30, 31) steuert. 

10. Brennkraftmaschine mit Innenverbrennung gemafi Anspruch 1, gekennzeichnet durch die elektromagnetischen 
Ventilbetatigungsmechanismen (30, 31), welche die Einlafiventile (28) und die Auslafiventile (29) durch eine elek- 
tromagnetische Kraft offnen und schliefien oder/und das Ubersetzungsverhaltnis des Getriebes (102)andern, wobei 
die Ventilsteuereinheit die Offnungscharakteristik der Einlafiventile (28) oder/und der Auslafiventile (29) auf der 
Grundlage der Betriebsbedingungen der elektromagnetischen Ventilbetatigungsmechanismen (30, 31) und des 
Getriebes (102) steuert. 

11. Brennkraftmaschine mit Innenverbrennung gemafi Anspruch 10, dadurch gekennzeichnet, daft 

das Getriebe ein Automatikgetriebe ist, ein Tragheitsmoment hat und automatisch auf ein anderes Ubersetzungs- 
verhaltnis schaltbar ist. 

12. Brennkraftmaschine mit Innenverbrennung gemafi Anspruch 10, dadurch gekennzeichnet, daft 

das Getriebe ein stufenloses Getriebe (102) ist, ein Tragheitsmoment hat und kontinuierlich, aber nicht schrittweise 
auf ein anderes Ubersetzungsverhaltnis schaltbar ist. 

1 3. Brennkraftmaschine mit Innenverbrennung gemafi einem der Anspruche 1 0 bis 1 2, dadurch gekennzeichnet, daft 
diese aufierdem eine Berechnungseinheit zum Berechnen des Drehmomentes, welche den aus dem Schalten des 
Getriebes (102) resultierenden Beschleunigungs-/Brems-Stofi absorbiert, und 

die Ventilsteuereinheit, welche die zum Erzielen des Beschleunigungs-/Bremsstoft-Absorptionsdrehmoments er- 
forderliche Offnungscharakteristik steuert, aufweist. 

14. Brennkraftmaschine mit Innenverbrennung gemafi Anspruch 13, dadurch gekennzeichnet, daft 

die Ventilsteuereinheit dem Beschleunigungs-/Bremsstoft-Absorptionsdrehmoment das von der Zylinderzieldreh- 
momentberechnungseinheit berechnete Zylinderzieldrehmoment zuaddiert, den Drehmomentplan der Brennkraft- 
maschine mit Innenverbrennung bestimmt und auf der Grundlage des Drehmomentplans die Offnungscharakteristik 
der Einlafiventile (28) oder/und der Auslafiventile (29) steuert. 

1 5. Brennkraftmaschine mit Innenverbrennung gemali einem der Anspruche 1 0 bis 1 4, dadurch gekennzeichnet, daft 
die Offnungscharakteristik die Zeitpunkte fur das Offnen und Schliefien der Einlafiventile (28) oder/und der Aus- 
laliventile (29) reprasentiert. 
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16. Verfahren zum Steuern derzahlreichen Einlaftventile (28) oder/und Auslaliventile (29) mehrererZylinder (21) einer 
Brennkraftmaschine mit Innenverbrennung, welches aufweist: 

individuelles Berechnen des von wenigstens einem der zahlreichen Zylinder (21 ) geforderten Zylinderzieldreh- 
moments in Ubereinstimmung mitdem von der Brennkraftmaschine mit Innenverbrennung geforderten Maschi- 
nenzieldrehmoment, Bestimmen des Zeitpunktes fur das Offnen und SchlieRen des einen Einlaftventils (28) 
oder/und Auslafcventils (29) in Ubereinstimmung mit dem Zylinderzieldrehmoment und 
elektromagnetisches Steuern der zahlreichen Einlaftventile (28) und AuslaRventile (29) in Ubereinstimmung 
mit dem Zeitpunkt fur das Offnen und Schlieften der zahlreichen Einlaftventile (28) und Auslaftventils (29) 
oder/und des Ansaugdrosselventils (39), dadurch gekennzeichnet, daft 

das Ansaugdrosselventil (39) fur alle der zahlreichen Zylinder (21 ) verwendet wird, im Ansaugkanal der Brenn- 
kraftmaschine mit Innenverbrennung angeordnet ist und die durch den Ansaugkanal stromende Luftmenge 
andert, 

und eine Ventilbffnungsgradbestimmungseinheit den Offnungsgrad des Ansaugdrosselventils (39) in Uberein- 
stimmung mit dem von der Zylinderzieldrehmomentberechnungseinheit berechneten Zylinderzieldrehmoment 
bestimmt. 

17. Verfahren gemafc Anspruch 16, dadurch gekennzeichnet, dad das Zylinderzieldrehmoment fur weniger als alle 
der zahlreichen Zylinder (21) genutzt wird. 

18. Verfahren gemaft Anspruch 16, gekennzeichnet durch Steuern eines elektromagnetischen Ventilbetatigungsme- 
chanismus (30, 31 ) oder/und eines Getriebes (1 02) in Ubereinstimmung mit den Betriebsbedingungen des Getriebes 
(102) bzw. des Ventilbetatigungsmechanismus (30, 31). 

19. Verfahren gemafi Anspruch 16, gekennzeichnet durch Steuern der Offnungscharakteristik der Einlafiventile (28) 
oder/und der Auslaflventile (29) in Ubereinstimmung mit den Betriebsbedingungen des Getriebes (102). 



Revendications 

1. Moteur a combustion interne incluant 

des mecanismes de soupapes a entrainement electromagnetique (30, 31 ) qui entraTnent une pluralite de soupapes 
d'admission et d'echappement (28, 29) du moteur a combustion interne dans un sens d'ouverture et un sens de 
fermeture, comprenant : 

un calculateur de couple cible de cylindre qui calcule un couple cible de cylindre individuellement pour au moins 
Tun d'une pluralite de cylindres (21) conformement a un couple moteur cible requis du moteur a combustion 
interne ; 

un systeme de determination de calage de distribution qui determine un calage pour I'ouverture et la fermeture 
de la pluralite de soupapes d'admission et d'echappement (28, 29) conformement au couple cible de cylindre ; et 
un systeme de commande de soupapes qui commande les mecanismes de soupapes a entrainement electro- 
magnetique (30, 31) conformement au calage pour I'ouverture et la fermeture d'au moins Tune des soupapes 
d'admission et d'echappement (28, 29), 
un papillon d'admission (39), 
caracterise en ce que 

ledit papillon d'admission (39) est utilise de maniere commune pour la pluralite de cylindres (21 ) et est dispose 
dans un passage d'admission du moteur a combustion interne pour ajuster de fagon variable une quantite d'air 
passant a travers le passage d'admission ; et un systeme de determination de degre d'ouverture de papillon 
qui determine un degre d'ouverture pour le papillon d'admission (39) conformement au couple cible de cylindre 
calcule par le calculateur de couple cible de cylindre. 

2. Moteur a combustion interne selon la revendication 1 , caracterise en ce que le calculateur de couple cible de 
cylindre calcule individuellement un couple cible de cylindre pour chacun de la pluralite de cylindres (21) ; 

que le systeme de determination de calage de distribution determine un calage pour I'ouverture et la fermeture de 
chacune de la pluralite de soupapes d'admission et d'echappement (28, 29) pour chacun de la pluralite de cylindres 
(21) conformement au couple cible de cylindre pour chacun de la pluralite de cylindres (21) ; et 
que le systeme de commande de soupapes commande les mecanismes de soupapes a entrainement electroma- 
gnetique (30, 31 ) conformement au calage pour I'ouverture et la fermeture de chacune des soupapes d'admission 
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et d'echappement (28, 29) pour chacun de la pluralite de cylindres (21). 

3. Moteur a combustion interne selon la revendication 1 , caracterise en ce que le couple moteur cible est une valeur 
qui reflete le couple d'absorption des chocs d'acceleration-deceleration. 

4. Moteur a combustion interne selon la revendication 1 , caracterise en ce qu'il comprend en outre: 

une transmission a variation continue (102) ayant un couple d'inertie et capable de changer un rapport de 
changement de rapport automatiquement, en continu et non par pas ; 

dans lequel le couple moteur cible est une valeur qui reflete le couple d'inertie de la transmission a variation 
continue (102). 

5. Moteur a combustion interne selon la revendication 1 , caracterise en ce que le couple moteur cible est une valeur 
qui reflete une vitesse de deplacement d'un vehicule equipe du moteur a combustion interne. 

6. Moteur a combustion interne selon la revendication 1, caracterise en ce qu'il comprend en outre un systeme de 
commande d'injection de carburant qui determine au moins Tun d'une quantite d'injection de carburant et d'un calage 
d'injection de carburant pour chacun de la pluralite de cylindres (21) conformement au couple cible de cylindre 
calcule par le calculateur de couple cible de cylindre. 

7. Moteur a combustion interne selon la revendication 1 , caracterise en ce qu'il comprend en outre: 

un detecteur de pression negative de collecteur d'admission qui detecte une pression negative de collecteur 

d'admission generee dans un passage d'admission du moteur a combustion interne ; 

dans lequel le systeme de determination de calage de distribution determine un calage pour I'ouverture et la 

fermeture de chacune de la pluralite de soupapes d'admission et d'echappement (28, 29) sur la base du couple 

cible de cylindre calcule par le calculateur de couple cible de cylindre et de la pression negative de collecteur 

d'admission. 

8. Moteur a combustion interne selon la revendication 1 , caracterise en ce que le couple cible de cylindre etant utilise 
pour moins que la totalite de la pluralite de cylindres (21 ). 

9. Moteur a combustion interne selon la revendication 1, caracterise en ce que lesdits mecanismes de soupapes a 
entrainement electromagnetique (30, 31 ) entrainent au moins I'une desdites soupapes d'admission et d'echappe- 
ment (28, 29) du moteur a combustion interne dans leurs sens d'ouverture et de fermeture au moyen d'une force 
electromagnetique et d'une transmission (102) capable de changer un rapport de changement de rapport, compre- 
nant en outre : 

un systeme de commande qui commande I'un du mecanisme de soupapes a entrainement electromagnetique 
(30, 31) et la transmission (102) conformement a un etat operationnel de I'autre des mecanismes de soupapes 
a entrainement electromagnetique (30, 31) et de la transmission (102). 

10. Moteur a combustion interne selon la revendication 1, caracterise par lesdits mecanismes de soupapes a entrai- 
nement electromagnetique (30, 31 ) qui entrainent au moins I'une des soupapes d'admission et d'echappement (28, 
29) du moteur a combustion interne dans leurs sens d'ouverture et de fermeture au moyen d'une force electroma- 
gnetique et d'une transmission (102) capable de changer un rapport de changement de rapport, dans lequel 
ledit systeme de commande de soupapes commande les caracteristiques d'ouverture d'au moins I'une des soupapes 
d'admission et d'echappement (28, 29) en association avec les etats operationnels des mecanismes de soupapes 
a entrainement electromagnetique (30, 31) et de la transmission (102). 

1 1 . Moteur a combustion interne selon la revendication 10, caracterise en ce que la transmission est une transmission 
automatique qui a un couple d'inertie et qui est capable de changer un rapport de changement de rapport automa- 
tiquement. 

12. Moteur a combustion interne selon la revendication 10, caracterise en ce que la transmission est une transmission 
a variation continue (102) qui a un couple d'inertie et qui est capable de changer un rapport de changement de 
rapport de facon continue et non par pas. 
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13. Moteur a combustion interne selon Tune quelconque des revendications 10 a 12, caracterise en cequ'il comprend 
en outre : 

un calculateur de couple d'absorption de chocs d'acceleration-deceleration qui calcule un couple d'absorption 
5 de chocs d'acceleration-deceleration pour absorber un choc d'acceleration-deceleration cause par le fonction- 

nement de la transmission (102), et comprenant en outre 

le systeme de commande de soupapes qui commande les caracteristiques d'ouverture de maniere a obtenir 
le couple d'absorption de chocs d'acceleration-deceleration. 

10 14. Moteur a combustion interne selon la revendication 1 3, caracterise en ce que le systeme de commande de soupapes 
ajoute le couple cible de cylindre calcule par le calculateur de couple cible de cylindre au couple d'absorption de 
chocs d'acceleration-deceleration, determine un programme de couple du moteur a combustion interne, et com- 
mande les caracteristiques d'ouverture d'au moins Tune des soupapes d'admission et d'echappement (28, 29) sur 
la base du programme de couple. 

15 

15. Moteur a combustion interne selon Tune quelconque des revendications 10 a 14, caracterise en ce que les ca- 
racteristiques d'ouverture sont les calages d'ouverture et de fermeture d'au moins Tune des soupapes d'admission 
et d'echappement (28, 29). 

20 1 6. Procede pour commander au moins Tune d'une pluralite de soupapes d'admission et d'echappement (28, 29) d'une 
pluralite de cylindres (21) dans un moteur a combustion interne, le procede comprenant : 

de calculer individuellement un couple cible de cylindre requis pour au moins I'un de la pluralite de cylindres 
(21 ) conformement a un couple moteur cible requis du moteur a combustion interne; 
25 de determiner un calage pour I'ouverture et la fermeture d'au moins Tune de la pluralite de soupapes d'admission 

et d'echappement (28, 29) conformement au couple cible de cylindre ; et 

de commander electromagnetiquement la pluralite de soupapes d'admission et d'echappement (28, 29) con- 
formement au calage pour I'ouverture et la fermeture de I'au moins une de la pluralite de soupapes d'admission 
et d'echappement (28, 29), 
30 un papillon d'admission (39), 

caracterise en ce que 

ledit papillon d'admission (39) est utilise de maniere commune pour la pluralite de cylindres (21 ) et est dispose 
dans un passage d'admission du moteur a combustion interne et ajuste de fagon variable une quantite d'air 
passant a travers le passage d'admission ; et un systeme de determination de degre d'ouverture de papillon 
35 qui determine un degre d'ouverture pour le papillon d'admission (39) conformement au couple cible de cylindre 

calcule par le calculateur de couple cible de cylindre. 

17. Procede selon la revendication 16, caracterise en ce que le couple cible de cylindre etant utilise pour moins que 
la totalite de la pluralite de cylindres (21). 

40 

18. Procede selon la revendication 16, caracterise par le fait de commander I'un d'un mecanisme de soupapes a 
entrainement electromagnetique (30, 31) et une transmission (102) conformement a un etat operationnel de I'autre 
des mecanismes de soupapes a entrainement electromagnetique (30, 31) et de la transmission (102). 

45 19. Procede selon la revendication 16, caracterise par le fait de commander les caracteristiques d'ouverture d'au 
moins I'une des soupapes d'admission et d'echappement (28, 29) conformement a un etat operationnel d'une 
transmission (102). 



50 



55 



20 




21 




22 



EP1 136 661 B1 

FIG. 3 
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